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Hybrid-Type Approach for Plant Layout Design with a Constraint-Directed
Search and a Mathematical Optimization Technique
Kikuo FUJITA, Shinsuke AKAGI, Hiroaki HASE,
Tetsundo NAKATOGAWA and Makoto TAKEUCHI
A hybrid-type approach for plant layout design is presented with a constraint-directed search procedure and
a mathematical optimization technique. In layout design, a plant must be arranged to satisfy spatial constraints
imposed by its components. In our approach, the whole space of a plant building is divided into the finite
compartments with a modular size in order to separate the description of the layout into the combinational
part and the dimensional part. According to this, the approach consists of two steps. In the first step, a
constraint-directed search procedure is applied for fixing the combinational relations among plant components
so as to satisfy the spatial layout conditions. In the second step, an optimization technique is applied for
determining the actual dimensions of compartments so as to minimize the size of a plant building considering
the size of components. In the optimization, mixed-integer programming and sequential linear programming
are combined and the formulation is carried out automatically from the result of the first step. This hybrid
approach has been applied to the design of a nuclear power plant in order to check its validity and effectiveness.
Key Words : Design Engineering, Layout Design, Optimal Design, Mathematical Optimization, Constraint-
Directed Search, Plant Layout
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Component Dimensions Compartments
[ W  D  H in meters ] [ W  D  H ]
boric acid pump room 9.0  8.0  7.0 1  1  1
boric acid tank room A 7.6  6.5  14.5 1  1  2
charging pump room A 17.0  6.75  3.8 3  1  1
filter room 25.0  13.0  7.6 3  2  1
new fuel pit 18.4  11.0  12.5 3  1  2
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[ Technique ]
Layout design in the embodiment step
Determining the exact positions
of the components
Layout design in the preliminary step
Determining the spatial relationships
among the components
Plant
components
Spatial
conditions
Positions of
components
Size of the 
plant building
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Obligatory type
Regional constraint A is located higher than B.
A is located in the highest floor.
Combination A is located touching B.
constraint A is located in the different
direction from B.
Global constraint A has a path way to the entrance.
Suggestive type
Priority constraint A is located close to B.
A is located in a higher floor.
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Listing vacant compartments and selecting
those meeting regional constraints
Sorting the candidates with suggestive
type of constraints and layout potential
Generating candidate locations and
eliminating those not meeting test constraints
Taking a component for the layout operation
Laying out the component in the candidate
location with the first priority 
Testing the layout with global constraints
Sorting the sequence of layout operations
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Performing the layout operation
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Linearizing the nonlinear equations
with symbolic differentiation
Substituting the equalities
Reducing 0-1 integer variables with the knowledge
Formulating the problem using mathematical form
Iterations
Design variables, constraints
and objective function
Reduced design variables,
constraints with linear form and
objective function with linear form
Making the data for the MILP
Solving the MILP
( MILP solver )
Tentative dimensions
of compartments
Exact dimensions of compartments
Necessary thickness
of the walls and floors
Size data of
the components
Layout result in the 
preliminary step
Se
qu
en
tia
l l
in
ea
r p
ro
gr
am
m
in
g 
&
   
  
m
ix
ed
-in
te
ge
r l
in
ea
r p
ro
gr
am
m
in
g
Sy
m
bo
l m
an
ip
ul
at
io
n 
   
   
   
   
   
   
   
   
   
  
w
ith
 a
n 
ob
jec
t-o
rie
nte
d r
ep
res
en
tat
ion
? 7 ???????????
?? 0-1????????????????????
????????????????? (3)?????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
??????????
5.4 ????????????? ?????
????????????????????????
????????????????????????
????????????????????????
???????????????? Common Lisp?
????????????????????????
????????????????? C??????
????
???????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
?????????????????????????????????? 973
(a) ???????? (b) ????????
? 8 ???????????
: pathway
: wall
: room for 
  component
name
:minimum size
 of room
? 9 ???????????
????????????????????????
?????????????????????
6 ?? –????????????? –
???????????????????????
????????????????????????
????? 100?????????????????
???????????????????????
??????????????
? 8?????????????????????
?????????????????????? 95
?????????? 240????????????
????????????????????????
????????????????????????
???????????? 791? (??????? 40
?)?????????? 638???????????
? 499?????????????????????
????????????????????????
???????????????? 9???????
????????????????????????
????????????????????????
???????????????????????
????????????????????? Sun
SPARC Station 2 (28.5 MIPS, 4.2 Mflops) ?????
??? 8???????????????? 30???
?????? 9?????????????????
? 90??????
7 ? ?
???????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
?????????????????
??????????????? (???? (B)
02452109)???????????????????
????????????????????????
?????????????????????????????????? 974
????????????????????????
??
? ?
(1) Legget, R. S. et al., Computer Aided Design, 13-5,
(1981), 277.
(2) McDermott, J., Artificial Intelligence, 19, (1982), 39.
(3) ????,?????????, 26-5, (1985), 926.
(4) Flemming, U. et al., Applications of Artificial Intelligence
in Engineering Problems, Vol. II, (Sriram, D. and Adey,
R., ed.), (1986), Springer-Velag, 811.
(5) ????????? 56-528?? (1990)? 2286?
(6) ?????????? 56-528?? (1990)? 2294?
(7) ???, Vanderplaats, G. D., Numerical Optimization
Techniques for Engineering Design: with Applications,
(1984), McGraw-Hill.
(8) ???, Garfinkel, R. S. and Nemhauser, G. L., Integer
Programming, (1972), John Wiley & Sons.
